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PREFACE

This report was prepared by the U. S. Geological Survey in co 
operation with other State and Federal Agencies by personnel of 
the Water Resources Division under the direction of L. B. Leopold, 
chief hydrologist, and S. K. Love, chief, Quality of Water Branch. 
The data were collected under the supervision of the following:

Eugene Brown, district chemist....... Sacramento, Calif.
J. G. Connor, district chemist...... Salt Lake City, Utah
D. M. Culbertson, district chemist....... Lincoln, Nebr.
T. F. Hanly, district engineer ........... Worland, Wyo.
Burge Irelan, district chemista............. Austin, Tex.
L. B. Laird, district chemist........... Portland, Oreg.
R. P. Orth, district chemist.......Oklahoma City, Okla.
M. E. Shroeder, district chemist ......Little Rock, Ark.
J. M. Stow, district chemist...... Albuquerque, N. Mex.

aSucceeded by L. S. Hughes, acting district chemist.
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QUALITY OF SURFACE WATERS
FOR IRRIGATION, 

WESTERN STATES, 1960

INTRODUCTION

The records of chemical analyses, other physical measure 
ments, and discharge given in this report comprise the tenth 
annual compilation of data for 73 irrigation network stations in 
operation west of the Mississippi river.

Geological Survey Water-Supply Papers 1264 and 13 62, the annual 
compilations for water years 1951 and 1952, respectively, describe 
briefly the development of this series of reports. In summary, 
there is an expressed need for comprehensive continuing informa 
tion about the chemical quality of surface waters used for irriga 
tion and the changes resulting from the drainage of irrigated lands.

In re cognition of this problem the Subcommittee on Hydrology, 
Interagency Committee on Water Resources (formerly the Federal 
Inter agency River Basin Committee) on February 6, 1950, approved 
a list of 106 network stations on streams in the western conter 
minous United States at which water samples were to be collected 
and analyzed with particular reference to the use of these streams' 
waters for irrigation. These stations, with pertinent information 
about periods of operation, are shown in the following table. Of 
the 106 stations selected, 39 were already being operated by the 
Geological Survey and 7 by the International Boundary and Water 
Commission. From the remaining stations on the list, 30 were 
selected for activation by the U. S. Geological Survey during the 
fiscal year 1951. In addition, 3 stations previously operated in 
connection with other programs and scheduled to be discontinued 
were to be included in the list to be operated by the Geological 
Survey (the subcommittee amended the list on October 2, 1952, to 
include the three additional stations, bringing the recommended 
number of irrigation network stations to a total of 109).
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Irrigation-Quality Network Stations, Western States 

[Selected by Subcommittee on Hydrology, Interagency Committee on Water Resources, 1950]

Irri 
ga 
tion 
net 
work 
no.

1 
2 
3
4 
5 
6 
7

8 
9 

10 
11 
12 
13 
14 
15 
16 
17

18 
18a

19 
20

21 
22 
23

24

25 
26 
27 
28

29 
30 
31

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43

Geo 
logical 
Survey 
station 
ident. 
no.

5-1240 
6-3300 
-4400 
-8070 
-2145 
-3295 
-2595 
-2590 
-2947 
-3085 
-3265 
-3580 
-3610 
-4395 
-4520 
-4760 
-6420 
-6560

-7660 
-7657

-7640

-8535 
-8655 
-8680 
-8695 

7-1305

-1465 
-1525 
-2505 
-1640 
-1610

-2450 
-3316

-3280 
8- 305 
- 410 
- 665

-1140

-1580 
-1620 
-1765 
-2110 
-2492

Streams and location

Souris (Mouse) River near Westhope, N. Dak.
'R/H GGmiT*i T?i VOT* nodi* AX7il 1 i cton N T^alr

1V/H QcmiT*i T? IVOT* at NpViT*a clra f itv N^ViT*

Wind River below Boysen Reservoir, Wyo. . . .

Cheyenne River near Eagle Butte, S. Dak. . . .

North Platte River below Guernsey Reser 
voir, Wyo. 

Platte River at Brady, Nebr ................ 
Supply Canal (Tri-County Diversion) near 

Maxwell, Nebr. 
South Platte River at Julesburg, Colo. ....... 
Republican River above Medicine Creek at 

Cambridge, Nebr.

Saline River near Tescott, Kans ............
Arkansas River below John Martin Reser 

voir, Colo. 
Arkansas River at Arkansas City, Kans. .....

Red River at Denison Dam, near Denison, 
Tex.

\X/o ofiita Ri VOT* noaT* T'aViloT* Olrl u

Colorado River at Austin, Tex .............. 
Colorado River at Wharton, Tex ............ 
Guadalupe River at Victoria, Tex ........... 
Nueces River near Mathis, Tex ............. 
Rio Grande above Culebra Creek, near 

Labatos, Colo.

Date 
established

June 1954 
12- 5-50
10- 3-50 

1- 4-51
12-15-50 
1- 3-51
1- 1-51 

11-24-53 
10- 2-50

1- 4-51
1- 4-51
1-17-51

1-17-51

Aug. 1956

12- 7-50

2-28-51 
3- 1-51

10- 1-45 
12-22-50

Aug. 1956

4- 3-50 
1-10-51

10- 8-51 
1- 1-50

10- 1-45
10- 1-49 
10- 1-52
6- 2-48 
9- 1-46
5- 1-44

9-10-46 
10- 1-47
10- 1-47
9- 1-45
9- 1-45 
9- 1-45

10- 1-47 
10- 1-47 
4-11-44 
9- 1-45 

10- 1-47 
10-11-46

Date 
discontinued

9-30-58

9-30-58

1-21-54 
9-30-54

11-20-53

11-20-53

9-30-58

" 9130-58" 

Sept. 1957

10- 3-52 
9-30-53

...........

9-30-52

9-30-53

10- 3-52

4- 5-54

9-30-51
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Irrigation-Quality Network Stations, Western States

Irri 
ga 
tion 
net 
work 
no.

44

45

46

47
48
49
50
51

52

53
54
55

56

57
58
59 
60
61
62

63

fi4

65
66
67

68
69
70
71 
72
73
74

75
76

77
78
79
80

Geo 
logical 
Survey 
station 
ident. 
no.

8 71 in

-3585
-3583

-3584
-3610

-3640
-3705
-3715
-3775
-4580
-4590
-4625
-4615
-4613
-3845
-3965
-4101

-4475
-4474

q_ 71 1

-1805
-3800 
-4025
-4215
-4280

-5255

-1 R9^

-2345
-3150
-3565
-3555
-3795
-4012
-4740
-5195 
-5020
-5100 
-5136

10-1180
-1915

-2240
-3225
-3350

11-2510

Streams and location

fonso, N. Mex.

cial, N. Mex.

N. Mex.

Rio Grande at Roma, Texa. .................

Orla, Tex.

Colorado River at Lees Ferry, Ariz. ........

Calif.

Colorado River Siphon, at Yuma, Ariz.

Gila River below Gillespie Dam, Ariz .......

Verde River below Bartlett Dam, Ariz. ...... 
Agua Fria River below Lake Pleasant Dam, 

Ariz.

vale, Utah.

Date 
established

10-23-47

7- 1-48
Oct. 1954

Oct. 1954
1933

1930
1930
1935
1945
1938

7- 1-55
1944

July 1955
July 1955

6-26-37
7- 1-37
7- 1-37

1935
1- 1-55

Of*t 1Q41
Oct. 1928

10- 1-47 
Oct. 1925
Oct. 1939

Oct. 1942

Oct. 1931
Oct. 1956
Oct. 1928

10- 1-45
12-31-54

Oct. 1929
1-17-51

12- 1-50
12- 1-50 
12- 9-50
12- 9-50 
12- 1-50

Mar. 1958

3-22-51

12-10-51

Date 
discontinued

Oct. 1954..

1-30-55

1-31-55
9-30-56

Dec. 1954

...........

12-31-54

9-30-58

...........

9-30-58

See footnotes at end of table.
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Irrigation-Quality Network Stations, Western States

Irri 
ga 
tion 
net 
work 
no.

81
82
83
84

85
86
87 
88
89
90 
91 
92
93
94
95
Qfi
97
98
99

100
101 
102 
103 
104
105
106 
107
108
109

Geo 
logical 
Survey 
station 
ident. 
no.

-2540
-3035

11-3105 

-2535
-3255
-3780
-3910 
-4250
-4465

12-3995 
-4365 
-3220
-3985
-5105

13- 375
- 815
-1545
-2690
-3435

-2125 
14-1057 

-3010 
-1910
-3615

5- 560 
6-6875
-8055

9-4150

Streams and location

Calaveras River (Stockton diverting canal) at 
Stockton, Calif.

Sacramento River near Red Bluff, Calif. .....
Sacramento River at Knights Landing, Calif . .

Columbia River at Northport, Wash ......... 
Columbia River at Grand Coulee Dam, Wash .

Snake River at King Hill, Idaho .............

Wash.

Boise River at Notus, Idaho ................ 
Columbia River near The Dalles, Oreg ...... 
Deschutes River at Moody, near Biggs, Oreg.

Sheyenne River near Warwick, N. Dak . .....

Virgin River at Littlef ield, Arizb. ...........

Date 
established

3- 1-51

3- 1-51 

1952
3- 1-51

2-26-51 
2-26-51
5- 1-51

11-15-51 
11-25-50

12-30-52
1- 8-53

3-27-51

11-14-51
9-28-55

11-21-50 
12- 1-50 

Dec. 1952 
2- 1-51
1- 5-53
1- 8-51

July 1949

Date 
discontinued

10- 3-52

9-30-58

...........

9-30-58

Feb.1956
9-30-58

'2-15-54

9-30-58

Operated by International Boundary and Water Commission. 
^Stations added by Subcommitte, October 1952.
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It was contemplated that the network stations would be located 
at streamflow gaging stations and that the program of collecting 
and analyzing the samples and reporting the findings would be the 
responsibility of the Geological Survey. The scope of the chem 
ical analyses would provide for the calculation of the salt burden 
of stream and in general would conform with the current Geolog 
ical Survey standards for the comprehensive investigation of the 
chemical quality of surface waters.

The following criteria were recommended in the selection of 
the key network stations.

1. All recommended stations should be located on streams west 
of the main stem of the Mississippi River.

2. All proposed stations should relate primarily to irrigation 
although multiple-purpose needs which include irrigation may be 
considered.

3. All stations should be located at or near streamflow gaging 
stations. The most nearly up-to-date list of gaging stations cur 
rently operated by the U. S. Geologica^Survey (which comprises 
all but a small percentage of all gaging stations) will be found in 
the most recently published Geological Survey water-supply pa 
pers for the areas involved.

4. Consideration should be given to the location of irrigation 
development areas that are now affecting or are likely to affect 
the chemical quality of the river water.

5. Only those stations shouldbe proposedthat are likely to re 
flect important changes in chemical quality over a period of years. 
Stations operated for relatively short periods (5 years or less), 
as would be required for intensive studies of specific projects, 
should not in general be included.

Plate 1 is a plot of the 109 network stations on streams in the 
We stern States. The 73 stations in operation in 1960 are identified 
by a solid circle. The period of record, in years, is also shown at 
each of these stations. In a few instances the period of record 
differs from that obtained from the date established by the Sub 
committee, as earlier records were included also. Proposed sta 
tions are identified by an open circle. Discontinued stations are 
identified by a half circle.

To facilitate identification, each Geological Survey gaging sta 
tion and sampling station has been assigned a station number. 
The station numbers were assigned according to Geological Sur 
vey practice in reporting records of streamflow: Stations on trib 
utary streams are listed between stations on the main stem in the 
order in which those tributaries enter the main stem. However, 
in this report the numbers will not all appear in increasing nu-
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merical order because all the main stem stations on a river are 
reported before listing the stations on the tributaries.

The complete number for each station has 8 digits, but the 
station number as shown in this report just to the left of the sta 
tion name consists of only the digits essential for identification. 
For example, for a station with the complete number 08-0100.00, 
this station number shown in this report is 8-100.

ACKNOWLEDGMENTS
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also. The Mexican Section operated the stream gaging station on 
the main stem at Laredo. Each section operated the gaging sta 
tions on the tributary streams, floodways, and diversions within 
its own country.

Descriptive headings and discharge data for the seven stations 
operated by the International Boundary and Water Commission, 
were obtained from Water Bulletins 29 and 30 prepared jointly by 
the United States and Mexican Sections of the International Bound 
ary and Water Commission. These publications contain stream 
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Riverside, Calif.
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EXAMINATION OF SAMPLES

COLLECTION OF SAMPLES

In accordance with the recommendation of the Subcommittee, 
where practicable, one sample was collected each day throughout 
the water year. In general, each sample was taken in an 8- or 12- 
ounce polyethylene bottle provided with a bakelite cap and poly- 
seal insert to prevent escape of dissolved gases. Each sample 
was integrated in the vertical section of a stream usually at about 
midpoint of flow by lowering the open sample bottle to the bottom 
and returning it to the surface during the filling process.

At most stations the samples were collected by local residents 
hired for the purpose. The local sample collector recorded on 
each bottle the name of the stream, location, gage height (if prac 
ticable), water temperature, time of day, date, and collector's name 
or initials. Samples were shipped to the laboratory or picked up 
by technical personnel on a predetermined schedule. Visits were 
made periodically by technical personnel to check on sampling 
procedures.

EXAMINATION OF SAMPLES

Upon receipt of samples in the laboratory, they were recorded 
and stored away from direct sunlight until opened for analysis. 
Specific conductance was determined with a conductance bridge on 
each sample as soon as opened. These data provided a basis for 
compositing a series of daily samples, for complete analysis. In 
general, a minimum of three composites a month consisting of 
equal volumes of approximately 10 daily samples, were prepared 
for chemical analysis. Individual samples that showed differences 
in conductance of more than 30 percent of the mean for the period 
were not included in the composite, but were grouped separately 
for additional composite samples or analysis of the individual 
sample was made. For those stations where acceptable discharge 
values were reported with the samples or could be obtained 
promptly from rating tables, samples were prepared by mixing 
volumes of individual samples in proportion to water discharge.

The following series of 15 determinations (schedule 1) were 
made on all composite samples for all new network stations during 
the first year of operation: Silica, iron, calcium, magnesium, sodi 
um, potassium, bicarbonate, carbonate, sulfate, chloride, fluoride, 
nitrate, boron, dissolved solids, and specific conductance. The
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following values were calculated from the analytical data: Dis 
solved solids in tons per acre-foot, dissolved solids in total tons, 
total hardness, noncarbonate hardness, and percent sodium.

It was further recommended by the Subcommittee that during 
the second and third years the following series of 11 determina 
tions (schedule 2) would be made on all composite samples: Cal 
cium, magnesium, soidum, bicarbonate, carbonate, sulfate, chlo 
ride, nitrate, boron, dissolved solids, and specific conductance. 
Hardness, noncarbonate hardness, percent sodium, total tons and 
tons per-acre-foot would be calculated as in schedule 1.

In the fourth and succeeding years (unless significant changes 
become apparent) it was recommended that the following deter 
minations (schedule 3) would be made on all composite samples 
as long as the program is in effect: Calcium and magnesium 
(either separately, or together by the recently developed ethyl- 
enediamine tetraacetic acid titration test for hardness), sodium, 
dissolved solids, and specific conductance. In addition, four com 
plete analyses (schedule 1) would be made each year, one analysis 
to be made on a composite sample during each quarter. Certain 
additional determinations above these minimum requirements 
were to be made if deemed necessary to define widely varying 
characteristics of the stream water.

All laboratory determinations were to be made in accordance 
with standard procedures used by the Geological Survey. These 
procedures are based on methods found in authoritative publica 
tions on water analysis.

REPORTING OF DATA

In order to release the data in the form most widely used in the 
evaluation of irrigation waters, the results of analyses in this 
compilation are given in equivalents per million, rather than the 
conventional unit part per million. Some agencies that actively 
participate in irrigation water-quality investigations prefer to ex 
press results in milligrams per liter (mg/1) and milliequivalents 
per liter (meq/1). However, for all practical purposes where 
concentrations of dissolved solids are less than about 7,000 parts 
per million, no correction for density of the water is necessary 
and the units reported in each method are considered to be syn 
onymous.

If results are desired in parts per million they can be calcu 
lated by multiplying the reported values in equivalents per million



EXPLANATION OF TABLES

by the chemical combining weights of the individual constituents. 
Pertinent physical data and water discharge are also included in 
the tables.

EXPLANATION OF TABLES

The tables of analyses beginning on page 28 include a brief de 
scriptive heading summarizing, the more pertinent features at 
each station as follows:

Location of station is given generally as the distance in land or 
river miles from a town or other political or geographic feature. 
In Survey practice the term "at" generally implies that the station 
is within a mile radius of the named town whereas "near" implies 
that it is beyond a mile radius.

Drainage area above the gaging station was obtained from the 
most recent published records of the annual reports of the Geolog 
ical Survey on Surface Water of the United States, and from Inter 
national Boundary and Water Commission.

Records available are given for all periods during which sam 
ples, other than infrequent, were collected for chemical analyses. 
It does not include the periods for which discharge records are 
available.

Extremes for the current year and for the period of record are 
reported for specific conductance, percent sodium, and sodium 
adsorption ratio, because of their widespread application in the 
evaluation of analyses of water used for irrigation. The results 
for specific conductance are based on the measurement made at 
the laboratory upon receipt of the sample from the field. Data for 
percent sodium and sodium adsorption ratio were obtained from 
composite-sample analysis.

Remarks include sources of data, additional explanation con 
cerning the records, and offices where the records of chemical 
quality may be obtained.

Discharge records were obtained from the responsible Geolog 
ic al~~S^Fvey~^ateFResources district offices except for the seven 
stations operated by the International Boundary and Water Com 
mission. Discharge data are shown in acre-feet, calculated from 
the daily mean discharge in cubic feet per second by multiplying 
by the factor 1. 983471.

318-770 O - 69 - 2
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Analytical values are reported in equivalents per million (epm) 
for cations and anions. The equivalent is the weight with reference 
to some standard (such as the combining weight--either of oxygen, 
8, or of hydrogen, 1.008) of that quantity of an element, radical, or 
compound to complete a definite chemical reaction. An equivalent 
of an element or ion is exactly equal in combining power to one 
equivalent of another element or ion. As previously discussed, 
for concentrations of dissolved solids that are normally encoun 
tered in water for irrigation, an equivalent per million is equal to 
a milliequivalent per liter. Silica, which is considered to be 
present in the colloidal state, and boron, are reported in parts 
per million. Percent sodium is calculated as follows:

Na x 100 ' where all constituents are reported in equivalentsNa+K+Ca+Mg 

per million.

At the recommendation of the Subcommitte, sodium adsorp 
tion ratio (SAR) is published for all network stations beginning 
October 1952. The term is defined and described under "Sodium" 
on page 11.

A program for automatically converting and computing the ana 
lytical values which are given in this report was established in 
1962. Electronic digital computers perform the following calcu 
lations: Converting discharge values from cubic feet per second 
to acre-feet and constituent values from parts per million to 
equivalents per million; computing tons per acre-foot and total 
tons of the dissolved solids, percent sodium, sodium adsorption 
ratio, total discharge in acre-feet, total tons of dissolved solids, 
and discharge-weighted average of the individual constituents.

CRITERIA OF WATER QUALITY

The quality of an irrigation water is determined by the com 
position and concentration of the dissolved substances or solutes 
that are present in the water. The principal solutes are the 
cations; calcium, magnesium, and sodium, and the anions; bicar 
bonate, sulfate, and chloride. Boron, fluoride, and nitrate are us 
ually present in low, but significant, concentrations. Small 
amounts of carbonate are found in many waters, as well as trace 
amounts of other less important constituents. The concentrations 
of the several ions show wide variations but, because of solubility 
limitations, sodium and chloride often predominate in more saline 
waters.
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The analysis of an irrigation water should provide information 
on the suitability of its use and act as a guide for management 
practices. The first step in the interpretation of the analysis is 
the selection of criteria that will yield the type of information de 
sired. The second step is the classification of the criteria in 
order to evaluate the water quality.

There are four principal hazards related to the chemical char 
acter of water for irrigation use. These are: total concentration, 
sodium, bicarbonate, and boron or other phytotoxic substances. 
Criteria that measure these hazards have been worked out and 
are in general use.

Total concentration is probably the more important single cri 
terion for irrigation water quality and may be expressed in terms of 
parts per million (ppm) of dissolved solids, or as specific con 
ductance (micromhos at 25 °C). The latter is preferred. More 
than half of the irrigation waters in use in the Western States have 
specific conductance values below 750 micromhos (about 500 ppm 
dissolved solids). Saline waters with specific conductance values 
greater than 2, 250 micromhos (about 1, 500 ppm dissolved solids) 
make up less than 10 percent of the total number of waters and an 
even smaller fraction of the total quantity of water being used. 
There are very few waters with specific conductance values 
greater than 5,000 micromhos (about 3, 200 ppm dissolved solids) 
that are being used successfully, although they can be used for 
certain crops under very special conditions. Such waters are 
important, however, in that they constitute the only available sup 
ply in many arid regions.

Sodiumis essentially unique among the cations in its effect upon 
the soil. When present in the soil in exchangeable form, even at 
low concentrations as compared with the other cations, it causes 
adverse chemical and physical conditions to develop. Exchange 
able sodium tends to make a moist soil impermeable to air and 
water. This type of soil, upon drying, is hard and difficult to till, 
and forms dense crusts that interfere with germination and seed 
ling emergence. The most reliable index of the sodium hazard, 
or the tendence of the irrigation water to form exchangeable so 
dium in the soil, is the sodium adsorption ratio, SAR (U. S. Sa 
linity Laboratory Staff, 1954). It is a calculated value and is de 
fined as:

SAR = Na+
Ca++ + Mg++

where concentrations are expressed in equivalents per million.
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A nomogram for determining the SAR value of an irrigation 
water with an exchangeable-sodium percentage (ESP) scale oppo 
site the SAR scale is shown in figure 1 on page 13. The ESP 
scale is empirical but is based on a regression equation of high 
statistical significance. After the SAR value of an irrigation 
water is determined by use of the nomogram, it is possible to 
estimate from the central scale the ESP value of a soil that is at 
equilibrium with the irrigation water. Under field conditions, the 
actual ESP may be slightly higher than the estimated equilibrium 
value. This is because the total salt concentration of the soil 
solution is increased by evaporation and plant transpiration which 
results in a higher SAR and a correspondingly higher ESP.

Bicarbonate is important primarily in its relation to calcium and 
magnesium. There is a tendency for calcium to react with the 
bicarbonate and precipitate as calcium carbonate (CaCO3). The 
corresponding magnesium salt is more soluble so there is less 
tendency for it to precipitate but it may be lost from a water by 
an indirect reaction. Magnesium enters the exchange complex of 
the soil, replacing calcium which reacts with bicarbonate and 
precipitates as CaCO3. Ordinarily, magnesium will not replace 
calcium to any great extent but, if calcium is precipitated as it 
is released, the reaction proceeds toward completion.

As calcium and magnesium are lost from water, the relative 
proportion of sodium is increased with an attendant increase in 
tiie sodium hazard. This hazard can be evaluated in terms of the 
residual sodium carbonate (RSC) as proposed by Eaton (1950) and 
defined as

RSC = (CO3~~ + HCO3") - (Ca++ + Mg++)

in which the concentrations are expressed in equivalents per 
million (epm). Studies by Wilcox et al. (1954) indicate that waters 
with more than 2. 5 epm of RSC are probably not suitable for ir 
rigation purposes. Water containing 1. 25 epm to 2.5 epm are 
marginal, and those containing less than 1. 25 epm of RSC are 
probably safe. Some marginal waters, with good management 
practices and proper use of amendments, particularly gypsum, 
may be made safe for irrigation use. A condition not provided 
for by the RSC concept has been encountered in recent years. If 
the concentrations of both calcium and bicarbonate are about 
equal and high, i. e., in the order of 10 epm or greater, the RSC 
will be low or possibly zero. Such waters will precipitate some 
calcium carbonate and should be considered at least marginal.

Phytotoxic substances:Boron. The occurrence of boron in toxic 
concentrations in certain irrigation waters makes it necessary
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Figure 1.  Nomogram for determining the SAR value of irrigation water and for estimating the 
corresponding ESP value of a soil that is at equilibrium with the water (U. S. Salinity Labora 
tory Staff, 1954).
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to consider this constituent when assessing the quality of water.

Plant species differ markedly in their tolerance to high 
concentrations of boron. In areas where boron occurs in excess 
in the soil or in the irrigation water, boron-tolerant crops may 
grow satisfactorily, whereas sensitive crops may fail.

Other substances. Very few substances other than boron occur 
in toxic concentrations in natural waters. However, many sub 
stances in industrial wastes that are discharged into surface 
streams are probably toxic to plants. Wilcox (1959) assembled 
information on a number of such substances for which the phyto- 
toxic properties are known. If the presence of pollutants is sus 
pected, great care should be exercised in the use of the water 
for irrigation.

The quality of irrigation water is classified by the amount of 
critical material determined in a water analysis. A water ana 
lysis is classified by plotting, as coordinates, the numerical 
value for specific conductance and SAR on figure 2, p. 15. The 
position of the point determines the quality classification of the 
water. The significance and interpretation of these quality ratings 
are summarized below.

Salinity Classification:

Cl. Low-salinity water can be used for irrigation with most 
crops on most soils, with little likelihood that a salinity problem 
will develop. Some leaching is required, but this occurs under 
normal irrigation practices except in soils of extremely low per 
meability.

C2. Medium-salinity water can be used if a moderate amount 
of leaching occurs. Plants with moderate salt tolerance can be 
grown in most instances without special practices for salinity 
control.

C3. High-salinity water cannot be used on soil with restricted 
drainage. Even with adequate drainage, special management for 
salinity control may be required, and plants with good salt toler 
ance should be selected.

C4. Very high-salinity water is not suitable for irrigation 
under ordinary conditions but may be used occasionally under 
very special circumstances. The soil must be permeable, drain 
age must be adequate, irrigation water must be applied in excess 
to provide considerable leaching, and very salt-tolerant crops 
should be selected.
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Figure 2. Diagram for the classification of irrigation waters (U.S. Salinity Laboratory Staff. 1954).
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Sodium Classification:

51. Low-sodium water can be used for irrigation on almost all 
soils, with little danger of the development of a sodium problem. 
However, sodium-sensitive crops, such as stone-fruit trees and 
avocados, may accumulate injurious amounts of sodium in the 
leaves.

52. Medium-sodium water may present a moderate sodium 
problem in fine-textured (clay) soils unless there is gypsum in 
the soil. This water can be used on coarse-textured (sandy) or 
organic soils that take water well.

53. High-sodium water may produce troublesome sodium 
problems in most soils and will require special management  
good drainage, high leaching, and additions of organic matter. If 
there is plenty of gypsum in the soil, a serious problem may not 
develop for some time. If gypsum is not present, it or some sim 
ilar material may have to be added.

S4o Very-high sodium water is generally unsatisfactory for ir 
rigation except at low- or medium-salinity levels where the use 
of gypsum or some other amendment makes it possible to use 
such water. (Wilcox and Durum, 1965).

DISCUSSION OF RESULTS

HUDSON BAY AND UPPER MISSISSIPPI RIVER BASINS

Red River of the North basin.--Runoff was above median during 
the 1960 water year in the Red River of the North basin. Runoff .at 
Souris River near Westhope, N. Dak., was the highest since 1956, 
and the weighted average of specific conductance was the lowest 
since the station started in 1954; the weighted average of dissolved- 
solids content for 1960 was 398 ppm (0. 54 ton per acre-foot) com 
pared with the weighted average of 452 ppm (0.61 ton per acre-foot) 
for the period 1955-60. Runoff at Sheyenne River near Warwick, 
N. Dak., was the highest since 1956, and the weighted average of 
specific conductance was the lowest since the station started in 
1951; the weighted average of dissolved-solids content was 283 ppm 
(0. 38 ton per acre-foot) compared with the 10-year average of 
399 ppm (0. 54 ton per acre-foot).
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MISSOURI RIVER BASIN

Missouri River main stem. The Missouri River is regulated 
by the following dams: Canyon Ferry and Fort Peck upstream 
from Williston, N. Dak.; Garrison, Oahe, Fort Randall, and Ga- 
vins Point (Lewis and Clark Lake)--between Williston, N. Dak., 
and Nebraska City, Nebr. Total amount of water in storage in the 
main stem reservoirs on September 30, 1960, was about 30,340,000 
acre-feet, an increase of over 4,440,000 acre-feet over the pre 
vious year.

At Williston, N. Dak., runoff during 1960 was about 9 percent 
less than during 1959. The weighted average of dissolved-solids 
content was 422 ppm (0. 57 ton per acre-foot) compared with the 
weighted average of 415 ppm (0. 56 ton per acre-foot) for 1951-60. 
The total tons of dissolved-solids content was the lowest of the 
10-year period of record.

At Nebraska City, Nebr., runoff for 1960 was the highest since 
1953 and increased about 18percent over that of 1959. The weighted 
average of dissolved solids was 385 ppm (0.52 ton per acre-foot), 
the lowest since 1951; and the dissolved-solids content in tons was 
the highest since 1955.

Yellowstone River basin. Runoff from the Yellowstone River 
basin in 1960 was about 40 percent less than the long-time average 
and about 30 percent less than in 1959. During the period of rec 
ord, runoff was less in only 2 years 1935 and 1940. Runoff from 
the Bighorn River basin was 60 percent of the long-time average; 
from the Tongue River basin, 53 percent; and from the Powder 
River basin, 51 percent. The Bighorn and Powder River basins 
had runoff about 25 percent less than in 1959, while the Tongue 
River basin had runoff 51 percent less. The weighted-aver age of 
dissolved-solids content was higher than the 10-year median ex 
cept for the Powder River where the dissolved-solids content was 
10 percent lower than the 10-year median. The sodium adsorption 
ratio for the entire basin was slightly above normal.

The dissolved-solids load at Sidney for 1960 was only 80 per 
cent of the 10-year median load. The loads for the Bighorn, 
Tongue, and Powder Rivers were, respectively, 83, 69, and 75 
percent of the 10-year medians. Yellowstone River near Sidney, 
Bighorn River at Bighorn, and Tongue River at Miles City had the 
lowest annual loads in the 10-year period of record. For 2 years, 
1951 and 1954, Powder River near Locate had lower annual loads of 
dissolved solids. In the Yellowstone River basin, the Bighorn
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River is the main contributor of dissolved solids; in 1960 the Big 
horn River contributed 51 percent, the Tongue River 3 percent, 
and the Powder River 8 percent of the load passing Sidney, Mont. 
During the 8 years (1951-58) of sampling at Billings the average 
annual load was about 29 percent of that at Sidney.

No significant changes in impoundment or diversions were 
made during the year. There were no variations in methodology 
from that proposed for irrigation network stations.

James River basin. During the first part of the 1960 water 
year, drought conditions continued and no flow was reported at 
most gaging stations in the lower reaches of the James River. 
During the last days of March, extremely high runoff from the 
rapid melting of heavy accumulated snow caused one of the worst 
floods in the lower James River basin since 1897. Heavy rains 
during April and May kept runoff well above median. July was ex 
tremely hot and dry, and the runoff was low.

At the gaging station at Huron, S. Dak., runoff for 1960 was 
221, 700 acre-feet compared with the 21-year average of 154, 900 
acre-feet. Although the samples for chemical analysis were col 
lected upstream from the gage and upstream from the diversion of 
water to the city of Huron, the weighted average reflects only the 
quality of the water passing the gage. Comparison of the weighted 
average of dissolved-solids content for 1960 with the weighted av 
erage for 1958 (no average was computed for 1959) indicates that 
the dissolved-solids content, in parts per million, decreased 62 
percent, but the total tons increased 8 percent.

Platte River basin. Runoff at the gaging station, North Platte 
River at Wyoming-Nebraska State line, was 7 percent less in 1960 
than in 1959 and was 69 percent of the long-time average. No data 
are available on the chemical quality of the water in the Platte 
River basin in Wyoming for 1960.

Precipitation and runoff varied considerably in the Platte River 
basin in Nebraska during the 1960 water year. In western Nebraska, 
runoff was above median during the fall and winter but below med 
ian during the summer. In eastern Nebraska, runoff was above 
median during the spring as the result of rapid melting of a heavy 
accumulation of snow. Ice jams and floods were prevalent on the 
main stem and many of its tributaries.

At South Platte River at Julesburg, Colo., runoff was 19 per 
cent less than that of the previous year, and the dissolved-solids 
content increased 3 percent; the weighted average of dissolved- 
solids content for 1960 was 1,410 ppm (1. 92 tons per acre-foot)
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compared with the 10-year weighted average of l,220ppm (1.66 tons 
per acre-foot). At Platte River at Brady, Nebr., runoff was 26 
percent more than that of 1959, and dissolved-solids content de 
creased 3 percent; the weighted average of dissolved-solids content 
for 1960 was 457 ppm (0. 62 ton per acre-foot) compared with 477 
ppm (0. 65 ton per acre-foot) for the 10-year average. At Supply 
Canal (Tri-County Diversion) near Maxwell, Nebr., the runoff was 
4 percentless than during the previous year, and dissolved-solids 
content decreased 7 percent; the weighted average of dissolved- 
solids content for 1960 was 551 ppm (0. 75 ton per acre-foot) com 
pared with the 10-year average of 560 ppm (0.76 ton per acre-foot).

LOWER MISSISSIPPI RIVER BASIN

Arkansas River basin. The Arkansas River above John Mar 
tin Reservoir was less than half that of the 1959 water year. This 
decrease in runoff was accompanied by an increase in the salinity 
of the water.

Streamflow in the other four stations in the Arkansas River 
basin was substantially higher during the 1960 water year than dur 
ing the 1959 water year. The 1960 annual discharges in the Arkan 
sas River at Arkansas City, Kans., and Ralston, Okla., were about 
twice the 1959 discharges. The Canadian River near Whitefield, 
Okla., showed an increase in discharge of approximately the same 
magnitude during the 1960 water year. The annual discharge in the 
Cimarron River near Perkins, Okla., was almost four times 
greater during 1960 than that recorded for 1959. These increases 
in annual discharges are shown as follows:

Station: , 1959 1*60
(ac-ft) (ac-ft)

Arkansas River at Arkansas City, Kans... 1, 222,000 2, 343,000
Arkansas River at Ralston, Okla......... 2, 854, 000 6,412,, 000
Cimarron River at Perkins, Okla .......... 503, 000 1,954, 000
Canadian River near Whitefield, Okla..... 3, 024, 000 7,528, 000

The increase in discharge at all four stations resulted in lower 
dissolved-solids content in the streams in 1960. The weighted 
average dissolved-solids content of the Arkansas River at Arkan 
sas City decreased from 967 ppm (1.32 tons per acre-foot) in 1959 
to 671 ppm (0. 91 ton per acre-foot) in 1960, or about 30 percent. 
At the Ralston station, a decrease of some 20 percent in the 
weighted average dissolved-solids content occurred. The values 
decreased from 812 ppm (1.10 tons per acre-foot) to 647 ppm (0.88
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ton per acre-foot). The greatest change in dissolved-solids con 
tent occur red in the Cimarr on River at Perkins where the weighted 
average decreased from 3, 250 ppm (4.42 tons per acre-foot) to 
2, 070 ppm (2. 81 tons per acre-foot), or about 37 percent.

Despite an increase in discharge of some 4. 5 million acre- 
feet, the weighted average dissolved-solids content in the Cana 
dian River near Whitefield decreased only 5 percent. Weighted 
average of dissolved-solids was 416 ppm (0. 57 ton per acre-foot) 
in 1959 and 394 ppm (0. 54 ton per acre-foot) in 1960.

Weighted average of percent sodium and sodium adsorption 
ratios at the four stations were lower than the 1959 averages.

Red River basin.--Water discharge in theRedRiver atDenison 
Dam near Denison, Tex., during the 1960 water year was almost 
equal to the average discharge for the 37 years of record, but was 
more than twice that for the previous year. However, the 
weighted-aver age content of dissolved-solids decreased only 
slightly from 1,100 to 1, 020 ppm (1. 50 to 1. 38 tons per acre-foot).

WESTERN GULF OF MEXICO BASINS

In the Western Gulf of Mexico basins, from the Sabine to the 
Nueces River, only minor changes in weighted-average of dis- 
solved-solids content occurred in the 1960 water year, although 
there were considerable fluctuations in the streamflow. Excessive 
water discharge occurred in the Brazos and Colorado basins due 
to floods during the month of October and streamflow for the 
Guadalupe River at Victoria was above average for the fourth con 
secutive year. Streamflow in the Sabine, Neches, Trinity, and 
Nueces Rivers was below the long-time averages.

Rio Grande basin. In general, runoff in the RioGrande basin, 
including the Pecos River basin, was considerably over that of the 
1959 water year. The salinity of the water was lower than the pre 
vious year but total dissolved-solids loads were greater because 
of the increased water discharge.

However, in the Pecos River below Alamogordo Reservoir, 
N. Mex., the discharge was down and the salinity of the water was 
up from the previous year due to storage in the reservoir. Stream- 
flow in the Pecos River below Red Bluff Dam, near Orla, Tex., 
continued to decrease and was only 25 percent of the 23-year av 
erage. The weighted-aver age of dissolved-solids content increased 
from 5,140 ppm (6.99 tons per acre-foot) in 1959 to 7,710 ppm
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(10. 5 tons per acre-foot) in 1960. Storage in Red Bluff Reservoir 
increased during the year from 63,150 to 82,000 acre-feet, only 
27 percent of capacity.

COLORADO RIVER BASIN

The streamflow in the Colorado River basin, its main stem 
and tributaries as far upstream as the San Juan River, was much 
higher than it was in the 1959 water year. However, below reser 
voirs on a few tributaries, the runoff was less because of water 
impoundment.

Colorado River main stem.  The dissolved-solids content of 
the Colorado River near Glenwood Springs, Colo., decreased in 
1960. This change may be attributed to an increase of about 15 
percent in runoff as compared to the preceding year. The chem 
ical character of the water did not change significantly, although 
percent sodium and hardness decreased slightly.

The flow of the Colorado River near Cisco, Utah was 32 per 
cent higher than that of the previous year and the dissolved-solids 
content decreased 24 percent in the 1960 water year. The chemi 
cal character of the water did not change significantly, although 
there was a 3 percent decrease in the percent sodium.

The quality of the water released at Hoover Dam, Ariz.-Nev.^ 
remained relatively constant compared with preceding years due 
to the mixing effect at Lake Mead. However, the average dis 
solved-solids content in 1960 was about 5 percent higher than that 
recorded in 1959.

Gunnison River basin.  In 1960, a decrease of 34 percent in 
the dissolved-solids content of the Gunnison River near Grand 
Junction, Colo., and an increase of 46 percent in flow were re 
corded. Although the decrease in dissolved-solids content appears 
to be due to the increased flow, it may be partly attributed to the 
fact that the gaging and sampling station was moved to a site 12 
miles upstream on January 1, 1960. During the 1959 water year 
check samples were taken about twice monthly, and results of anal 
ysis showed that the dissolved-solids content at the upstream site 
were 10 to 20 percent lower than at the former sampling station 
downstream.

Green River basin.  In the 1960 water year the dissolved- 
solids content of the Green River at Green River, Utah decreased 
about 8 percent and the flow increased 9 percent over the 1959
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water year. There was a slight general increase in the flow of 
major contributors, such as the Yampa River. However, some of 
the minor contributors, such as the Price River and White River, 
had less discharge in 1960 than in 1959. Even though there was 
some change in the weighted-average concentration of dissolved- 
solids, the percentage composition of the dissolved-solids content 
of Green River did not change appreciably.

San Juan River basin. The dissolved-solids content of the San 
Juan River near Bluff, Utah decreased about 40 percent in 1960. 
This change may be attributed to the fact that runoff was 2.7 times 
greater in 1960 than in the preceding year. The weighted-aver age 
computation shows a slight decrease in the percent sodium, but 
the water continued to be high in calcium and sulfate.

Virgin River basin. --The percentage composition of the dis 
solved-solids content of the Virgin River at Littlefield, Ariz., re 
mained almost unchanged, although concentrations of sulfate were 
slightly lower and of bicarbonate slightly higher in 1960. Runoff in 
1960 was about 10 percent less than in 1959, but the average dis 
solved-solids content remained essentially the same.

THE GREAT BASIN

Sevier Lake basin.--Flowpast the gaging station, Sevier River 
near Lynndyl, Utah in 1960 included about 2,300 acre-feet of water 
discharged into the river from a deep well just downstream from 
the sampling station and about one mile upstream from the gaging 
station. Despite this inflow discharge at the gaging station was 
about 26 percent less than that of the previous year. Runoff shown 
in this report differs from discharges published for the gaging 
station by the amount flowing from the deep well. The percentage 
composition of the dissolved-solids in the water remained un 
changed even though there was a decrease of about 4 percent in the 
dissolved-solids content when compared with the preceding year.

PACIFIC SLOPE BASINS IN CALIFORNIA

San Joaquin River basin. Drouth conditions in the San Joaquin 
River basin continued to prevail. Flow during the 1960 water year 
was less than one-half that of 1959 water year, and only about 30 
percent of long term average for the basin. A new minimum daily 
mean discharge of 150 cubic feet per second was established on 
Aug. 19 in the San Joaquin River at Vernalis. Outflow from the
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basin was more mineralized than outflow during the 1959 water 
year and the weighted-aver age concentration of dissolved-solids 
for the San JoaquinRiver atVernalis increased from 351 ppm (0.48 
ton per acre-foot) in 1959 to 539 ppm (0. 73 ton per acre-foot) in 
1960.

Sacramento River basin. Relatively little change was noted in 
weighted-average concentrations of dissolved solids in the waters 
of the Sacramento River basin for the 1960 water year. Flow in 
the Sacramento River at Sacramento during the 1960 water year 
was 10 percent less than flow during the 1959 water year and 60 
percent of long term average. Flow of the Feather River at Nico- 
laus was 20 percent more than that of the 1959 water year, while 
flow in the American River at Fair Oaks was only slightly less than 
the flow during the 1959 water year due to controlled releases from 
Folsom Reservoir just upstream from the station.

Release of water from the Shasta Reservoir for salinity con 
trol in the Delta area and the large quantities of dilute waters from 
the Feather River and the American River help to maintain better 
water quality in the Sacramento River than in the water from the 
San Joaquin River.

PACIFIC SLOPE BASINS IN WASHINGTON AND UPPER COLUMBIA RIVER BASIN

Columbia River main stem. The dissolved-solids concentra 
tion in tons per acre-foot for the station at Northport, Wash., re 
mained the same as previous years. The discharge decreased 
only 6 percent from the 1959 water year.

Yakima River basin. Water quality remained essentially the 
same as the 1959 water year. There was a decrease in discharge 
of less than 1 percent compared with the 1959 water year.

SNAKE RIVER BASIN

Snake River main stem.  Discharge and chemical quality for 
the Snake River at Heise, Idaho were virtually the same as in wa 
ter year 1959. Downstream at King Hill the discharge showed a 
decrease of 3 percent compared to the previous year and the salt 
removal showed a slight decrease from 332 ppm (0.45 ton per 
acre-foot) in 1959 to 327 ppm (0.44 ton per acre-foot) in 1960.
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Summary of water discharge, and tonnages of dissolved solids--1959-60

Station
Runoff 

(acre-feet)

Dissolved
solids

(tons per
acre-foot)

Red River of the North basin:
Sheyenne River near Warwick, N. Dak..................
Souris (Mouse) River near Westhope, N. Dak............

Missouri River main stem:
Missouri River near Williston, N. Dak..................
Missouri River at Nebraska City, Nebr..................

Yellowstone River basin:
Yellowstone River near Sidney, Mont....................
Bighorn River at Bighorn, Mont ........................
Tongue River at Miles City, Mont.......................
Powder River near Locate, Mont........................

James River basin:
James River at Huron, S. Dak..........................

Platte River basin:
Platte River at Brady, Nebr ...........................
Supply Canal (Tri-County diversion) near Maxwell, Nebr .
South Platte River at Julesburg, Colo...................

Arkansas River basin:
Arkansas River below John Martin Reservoir, Colo ......
Arkansas River at Arkansas City, Kans... o.............
Arkansas River at Ralston, Okla .......................
Cimarron River at Perkins, Okla.......................
Arkansas River at Van Buren, Ark .....................
Canadian River near Whitefield, Okla...................

Red River basin:
Red River at Denison Dam, near Denison, Tex ..........

Sabine River basin:
Sabine River near Ruliff, Tex......................... .

Neches River basin:
Neches River at Evadale, Tex .........................

Trinity River basin:
Trinity River at Romayor, Tex ........................

Brazos River basin:
Brazos River at Richmond, Tex .......................

Colorado River basin:
Colorado River at Austin, Tex .........................
Colorado River at Wharton, Tex .......................

Guadalupe River basin:
Guadalupe River at Victoria, Tex ......................

Nueces River basin:
Nueces River near Mathis, Tex .......................

Rio Grande basin:
Rio Grande above Culebra Creek, near Lobatos, Colo....
Rio Grande at Otowi Bridge, near San Ildefonso, N. Mex .
Rio Grande conveyance channel at San Marcial, N. Mex ..
Rio Grande floodway at San Marcial, N. Mex............
Rio Grande below Elephant Butte Dam, N. Mex..........
Rio Grande near El Paso, Tex.........................
Rio Grande below Old Fort Quitman, Tex ...............
Rio Grande at Upper Presidio, Tex ....................
Rio Grande at Langtry, Tex ...........................
Rio Grande at Laredo, Tex............................
Rio Grande at Falcon Dam - U. S. tailrace ..............
Pecos River below Alamogordo Dam, N. Mex ...........
Pecos River near Artesia, N. Mex.....................
Pecos River below Red Bluff Dam, near Orla, Tex ......
Pecos River near Shumla, Tex ........................

37,220
191,900

12,432,000
23,980,000

5,511,000
1,614,000

136,200
218,300

221,800

245,400
953,700
202,600

117,600
2,343,000
6,412,000
1,954,000

37,800,000
7,528,000

3,777,000

4,751,000

3,432,000

4,807,000

6,440,000

2,555,000
3,322,000

1,281,000

436,900

210,500
821,000
288,000
274,300
681,820
373,800
31,423

1,204, 400
2,311,960
2,181,400

113,800
185,000
45,100

250,450

0.38 
.54

.57 

.52

.64
1.13
.73

1.36

.34

.62

.75
1.92

2.68
.91
.88

2.82
.56
.54

1.39 

.16 

.15 

.35 

.45

.34 

.31

.39 

.39

.32

.29

.70

.45

.66
1.17
2.89

.78

.72

.74
1.94
3.67

10.50
2.00
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Summary of water discharge, and tonnages of dissolved solids--1959-60 Continued

Station
Runoff 

(acre-feet)

Dissolved
solids

(tons per
acre-foot)

Colorado River main stem:
Colorado River near Glenwood Springs, Colo.............
Colorado River near Cisco, Utah.......................
Colorado River at Lees Ferry, Ariz....................
Colorado River near Grand Canyon, Ariz................
Colorado River below Hoover Dam, Ariz. -Nev...........

Diversions and return flows at and below Imperial Dam:
Yuma Main Canal below Colorado River siphon, at Yuma,

Ariz. 
Gunnison River basin:

Gunnison River near Grand Junction, Colo.............. o
Green River basin:

Green River at Green River, Utah......................
San Juan River basin:

San Juan River near Archuleta, N. Mex.................
San Juan River near Bluff, Utah........................

Virgin River basin:
Virgin River at Littlefield, Ariz........................

Gila River basin:
Gila River at Kelvin, Ariz.............................
Gila River below Gillespie Dam, Ariz...................
Salt River below Stewart Mountain Dam, Ariz............
Verde River below Bartlett Dam, Ariz..................

Sevier Lake basin:
Sevier River near Lynndyl, Utah .......................

Humboldt River basin:
Humboldt River near Rye Patch, Nev....................

San Joaquin River basin:
San Joaquin River near Biola, Calif.....................
San Joaquin River near Vernalis, Calif..................

Sacramento River basin:
Sacramento River at Knights Landing, Calif .............
Feather River at Nicolaus, Calif .......................
American River at Fair Oaks, Calif ....................

Columbia River main stem:
Columbia River at Northport, Wash.....................

Yakima River basin:
Yakima River at Kiona, Wash..........................

Snake River main stem:
Snake River near Heise, Idaho .........................
Snake River at King HiU, Idaho.........................

Boise River basin:
Boise River at Notus, Idaho............................

Columbia River main stem:
Columbia River near The Dalles, Oreg..................

Willamette River basin:
Willamette River at Salem, Oreg.......................

1,500,000
4,132,000
9,182,000
9,584,000
9,250,000

326, 800

1,390,000

3,019,000

1,090,000
1,690,000

83,450

320,800
31,450

367,029
469,200

94,380

41,530

61,020
549,900

3, 676, 000
1,444,000

79,665, 000

2,918,540

4,421,910
6,074,800

584,460

141,800,000

16,320,000

0.38 
.85 
.81 
.85 
.89

1.04

.85 

.58

.22 

.52

2.82

.86
4.22
.74
.33

1.86

1.10

.07 

.73

.10 

.06

.12 

.16

.30

.44

.39 

.13 

.07

318-770 O -i
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Boise River basin.  A 48 percent increase in discharge over 
the previous year was accompanied by a 25 percent decrease in 
the tons per acre-foot of dissolved-solids content.

PACIFIC SLOPE BASINS IN OREGON AND LOWER COLUMBIA RIVER BASIN

Columbia River main stem.  Although discharge decreased 7 
percent, water quality remained very nearly the same as the pre 
vious year. Again this year the weighted-average of dissolved- 
solids content tons per acre-foot remained the same as in the 1959 
water year.

Willamette River basin. Water quality and discharge remained 
essentially the same as the previous two water years.

Discharge data and dissolved-solids loads for stations operated 
in 1960 are summarized in the table on p. 24.
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.
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O
L
O
R
A
D
O
 
R
I
V
E
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A
T
 
A
U
S
T
I
N
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TE
X.

L
O
C
A
T
I
O
N
.
 
A
t
 
r
a
w
-
w
a
t
e
r
 
i
n
t
a
k
e
 
a
t
 
A
u
s
t
i
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C
i
t
y
 
W
a
t
e
r
p
l
a
n
t
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u
s
t
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o
w
n
s
t
r
e
a
m
 
f
r
o
m
 
L
a
m
a
r
 
S
t
r
e
e
t
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r
i
d
g
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A
u
s
t
i
n
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T
r
a
v
i
s
 
C
o
u
n
t
y
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0
.
5
 
m
i
l
e
 
d
o
w
n
s
t
r
e
a
m
 
f
r
o
m

B
a
r
t
o
n
 
C
r
e
e
k
,
a
n
d
 
4
.
5
 
m
i
l
e
s
 
u
p
s
t
r
e
a
m
 
f
r
o
m
 
g
a
g
i
n
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s
t
a
t
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n
 
a
t
 
M
o
n
t
o
p
o
l
i
s
 
B
r
i
d
g
e
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U
.
S
.
 
H
i
g
h
w
a
y
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D
R
A
I
N
A
G
E
 
A
R
E
A
.
 
3
8
,
4
0
0
 
s
q
u
a
r
e
 
m
i
l
e
s
,
 
a
p
p
r
o
x
i
m
a
t
e
l
y
,
 
u
p
s
t
r
e
a
m
 
f
r
o
m
 
g
a
g
i
n
g
 
s
t
a
t
i
o
n
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w
h
i
c
h
 
1
1
,
9
0
0
 
s
q
u
a
r
e
 
m
i
l
e
s
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p
r
o
b
a
b
l
y
 
n
o
n
c
o
n
t
r
i
b
u
t
i
n
g
.
 

R
E
C
O
R
D
S
 
A
V
A
I
L
A
B
L
E
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C
h
e
m
i
c
a
l
 
a
n
a
l
y
s
e
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:
 

O
c
t
o
b
e
r
 
1
9
4
7
 
t
o
 
S
e
p
t
e
m
b
e
r
 
19
60
.

W
a
t
e
r
 
t
e
m
p
e
r
a
t
u
r
e
s
:
 

O
c
t
o
b
e
r
 
1
9
4
7
 
t
o
 
S
e
p
t
e
m
b
e
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1
9
6
0
.
 

E
X
T
R
E
M
E
S
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1
9
5
9
-
6
0
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p
e
c
i
f
i
c
 
c
o
n
d
u
c
t
a
n
c
e
:
 

M
a
x
i
m
u
m
 
d
a
i
l
y
,
 
4
8
6
 
m
i
c
r
o
m
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o
s
 
S
e
p
t
.
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m
i
n
i
m
u
m
 
d
a
i
l
y
,
 
3
0
4
 
m
i
c
r
o
m
h
o
s
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e
r
c
e
n
t
 
s
o
d
i
u
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M
a
x
i
m
u
m
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3
1
 
D
e
c
.
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; 

m
i
n
i
m
u
m
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Oc
t.
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r.
 
1
-
3
1
.
 

E
X
T
R
E
M
E
S
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1
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4
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-
6
0
.
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p
e
c
i
f
i
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n
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c
t
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n
c
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a
x
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m
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l
y
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c
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1
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2
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c
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1
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c
e
n
t
 
s
o
d
i
u
m
:
 

M
a
x
i
m
u
m
,
 
4
6
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.
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.
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.
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.
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p
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c
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.
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9
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C
O
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C
h
e
m
i
c
a
l
 
a
n
a
l
y
s
e
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A
p
r
i
l
 
1
9
4
4
 
t
o
 
S
e
p
t
e
m
b
e
r
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60

.
W
a
t
e
r
 
t
e
m
p
e
r
a
t
u
r
e
s
:
 

O
c
t
o
b
e
r
 
1
9
4
5
 
to
 
S
e
p
t
e
m
b
e
r
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, 

M
a
r
c
h
 
1
9
5
0
 
to
 
S
e
p
t
e
m
b
e
r
 
19

60
. 

E
X
T
R
E
M
E
S
,
 
1
9
5
9
-
6
0
.
  
 S
p
e
c
i
f
i
c
 
c
o
n
d
u
c
t
a
n
c
e
:
 

M
a
x
i
m
u
m
 
d
a
i
l
y
,
 
5
3
2
 
m
i
c
r
o
m
h
o
s
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. 
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; 

m
i
n
i
m
u
m
 
d
a
i
l
y
,
 
1
8
1
 
m
i
c
r
o
m
h
o
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re
- 

fo
ot

0
.2

9
 

.2
3
 

.2
8

 
.3

5
 

.5
9

.7
6
 

.9
8

1
.4

7
 

.6
1

2
.1

6
 

1
.3

6
 

.9
6
 

1
.3

9
 

1
.0

8

0
.5

2

T
ot

al
 

to
ns 6

2
,3

3
9

 
2
9
,1

2
2
 

1
1

,3
5

1
 

1
1
,5

0
1
 

2
6
,7

4
5

1
0

,5
4

4
 

1
3

,5
8

3

5
,4

4
8
 

19
8

1
,1

5
8
 

8
,0

5
2

 
54

0 
4
,8

5
4
 

7
,5

4
7

8
7

8
,8

0
0

P
er

 
ce

nt
 

so
 

di
um 22

 
21

 
26

 
28

 
34 37

 
43 46

 
44 42

 
47

 
35

 
45

 
41 32

So
 

di
um

 
ad

so
rp

 
ti

on
 

ra
ti

o

0
.6

4
 

.5
6
 

.7
6

 
.9

5
 

1
.5

0

1
.9

5
 

2
.6

5

3
.5

6
 

2
.3

6

3
.8

9
 

3
.5

8
 

2
.0

6
 

3
.4

5
 

2
.6

4

1
.3

5

Sp
ec

if
ic

 
co

nd
uc

t
 

an
ce

 
(m

ic
ro

- 
m

ho
s 

at
 

25
°C

)

32
6 

26
9 

31
9 

39
5 

62
0

81
2 

1
,0

2
0

1
,4

8
0

 
93

7

2
,0

6
0

 
1

,3
9

0
 

96
2 

1
,4

1
0
 

1
,1

2
0

58
8

pH 7
.7

 
7

.9
 

7
.7

 
7

.9
 

7
.8

7
.9

 
7

.7

7
.6

 
8

.9

8
.5

 
7

.6
 

8
.3

 
8

.1
 

8
.0 -

a 
C
a
l
c
u
l
a
t
e
d
 
f
r
o
m
 
d
e
t
e
r
m
i
n
e
d
 
c
o
n
s
t
i
t
u
e
n
t
s
,
 

b 
I
n
c
l
u
d
e
s
 
e
s
t
i
m
a
t
e
s
 
w
h
e
r
e
 
d
a
t
a
 
a
r
e
 
m
i
s
s
i
n
g
.



V
I
R
G
I
N
 
R
I
V
E
R
 
B
A
S
I
N
 

9
-
4
1
5
0
.
 
V
I
R
G
I
N
 
R
I
V
E
R
 
A
T
 
L
I
T
T
L
E
F
I
E
L
D
,
 
A
R
I
Z
.

L
O
C
A
T
I
O
N
.
 
A
t
 
g
a
g
i
n
g
 
s
t
a
t
i
o
n
,
 
0
.
4
 
m
i
l
e
 
d
o
w
n
s
t
r
e
a
m
 
f
r
o
m
 
B
e
a
v
e
r
 
D
a
m
 
W
a
s
h
,
 
0
.
4
 
m
i
l
e
 
u
p
s
t
r
e
a
m
 
f
r
o
m
 
L
i
t
t
l
e
f
i
e
l
d
,
 
M
o
h
a
v
e
 
C
o
u
n
t
y
,
 
a
n
d
 
36
 
m
i
l
e
s
 
u
p
s
t
r
e
a
m
 
f
r
o
m
 
w
a
t
e
r
-

l
i
n
e
 
of

 
L
a
k
e
 
M
e
a
d
 
at
 
e
l
e
v
a
t
i
o
n
 

1
,
2
2
1
 
f
e
e
t
 
a
b
o
v
e
 
m
e
a
n
 
s
e
a
 
le
ve
l.
 

D
R
A
I
N
A
G
E
 
A
R
E
A
.
 
5
,
0
9
0
 
s
q
u
a
r
e
 
m
i
l
e
s
,
 
a
p
p
r
o
x
i
m
a
t
e
l
y
.
 

R
E
C
O
R
D
S
 
A
V
A
I
L
A
B
L
E
.
 
C
h
e
m
i
c
a
l
 
a
n
a
l
y
s
e
s
:
 

J
u
l
y
 
1
9
4
9
 
t
o
 
S
e
p
t
e
m
b
e
r
 
19

60
.

W
a
t
e
r
 
t
e
m
p
e
r
a
t
u
r
e
s
:
 

O
c
t
o
b
e
r
 
1
9
4
7
 
t
o
 
S
e
p
t
e
m
b
e
r
 
19
60
.

S
e
d
i
m
e
n
t
 
r
e
c
o
r
d
s
:
 

O
c
t
o
b
e
r
 
1
9
4
7
 
t
o
 
S
e
p
t
e
m
b
e
r
 
1
9
6
0
.
 

E
X
T
R
E
M
E
S
,
 
1
9
5
9
-
6
0
.
  
 S
p
e
c
i
f
i
c
 
c
o
n
d
u
c
t
a
n
c
e
:
 

M
a
x
i
m
u
m
 
d
a
i
l
y
,
 
4
,
0
7
0
 
m
i
c
r
o
m
h
o
s
 
Se

pt
. 

2;
 
m
i
n
i
m
u
m
 
d
a
i
l
y
,
 
1
,
9
7
0
 
m
i
c
r
o
m
h
o
s
 
Ma
r.
 
15

.
P
e
r
c
e
n
t
 
s
o
d
i
u
m
:
 

M
a
x
i
m
u
m
,
 
3
6
 
De
c.
 
1-

25
; 

m
i
n
i
m
u
m
,
 
2
6
 
Se

pt
. 

2.
 

E
X
T
R
E
M
E
S
,
 
1
9
4
9
-
6
0
.
  
 S
p
e
c
i
f
i
c
 
c
o
n
d
u
c
t
a
n
c
e
:
 

M
a
x
i
m
u
m
 
d
a
i
l
y
,
 
4
,
0
9
0
 
m
i
c
r
o
m
h
o
s
 
Oc
t.
 
5,

 
19
55
; 

m
i
n
i
m
u
m
 
d
a
i
l
y
,
 
7
3
4
 
m
i
c
r
o
m
h
o
s
 
A
p
r
.
 
28

, 
19
52
.

P
e
r
c
e
n
t
 
s
o
d
i
u
m
:
 

M
a
x
i
m
u
m
,
 
37

 
Fe
b.
 
2
4
-
2
5
,
 
2
7
-
2
8
,
 
19
58
; 

m
i
n
i
m
u
m
,
 
8 
M
a
y
 
12

, 
19
58
.

R
E
M
A
R
K
S
.
 
R
e
c
o
r
d
s
 
of

 
s
p
e
c
i
f
i
c
 
c
o
n
d
u
c
t
a
n
c
e
 
of

 
d
a
i
l
y
 
s
a
m
p
l
e
s
 
a
v
a
i
l
a
b
l
e
 
in
 
d
i
s
t
r
i
c
t
 
o
f
f
i
c
e
 
at
 
Sa
lt
 
L
a
k
e
 
C
i
t
y
,
 
U
t
a
h
.
 

R
e
c
o
r
d
s
 
of

 
d
i
s
c
h
a
r
g
e
 
f
o
r
 
w
a
t
e
r
 
y
e
a
r
 

O
c
t
o
b
e
r
 
1
9
5
9
 
t
o
 
S
e
p
t
e
m
b
e
r
 
1
9
6
0
 
g
i
v
e
n
 
in

 
W
S
P
 
17
13
.

C
h
e
m
i
c
a
l
 
a
n
a
l
y
s
e
s
,
 
w
a
t
e
r
 
y
e
a
r
 
O
c
t
o
b
e
r
 
1
9
5
9
 
t
o
 
S
e
p
t
e
m
b
e
r
 
1
9
6
0

D
at

e 
of

 
co

ll
ec

ti
on

O
ct

. 
1

.3
1

, 
1
9
5
9
. 

N
ov

. 
1
.3

0
. 
..
..
..

D
ec

. 
1

.2
5
..

..
..

.
D

ec
. 

2
6
.3

1
..
..
..

J
a
n

. 
1

.3
1
..

..
..

.

M
ar

. 
1

.1
4

, 
16

-3
1

A
p

r.
 
2
9
.3

0
..
..
..

S
ep

t.
 

1
, 

3
-3

0
..

.

T
o
ta

l 
or

 
w

ei
g
h

te
d

 
a
v
er

a
g
e 

a

R
un

of
f 

(a
cr

e-
 

fe
et

)

4
,6

6
1
 

1
2
,4

9
6
 

6
,2

9
8

 
2

,4
0

4
 

1
1

,2
5

2

1
0

,0
6

6
 

9
,2

8
3

 
42

0 
4

,8
4

3
 

93
6

4
,6

6
7

 
3

,3
2

6
 

3
,6

4
0

 
3
,5

1
1
 

4
,6

0
7
 

1
,0

1
2

8
3
,4

5
0

S
il

ic
a 

(S
i0

2) 
pp

m

2
0
.0

 
1

7
.0

 
1

7
,0

 
1

6
,0

 
1

8
.0

1
6

.0
 

2
1
.0

 
1

6
.0

 
1

9
,0

 
1

4
,0

2
0
.0

 
2

0
.0

 
2
0
.0

 
2
0
.0

 
1
8
.0

 
2
1
,0

18

E
qu

iv
al

en
ts

 p
er

 m
il

li
on

C
al

 
ci

um
 

(C
a)

1
5

.8
2

 
1

5
.6

2
 

1
3

.8
2

 
1
2
.6

2
 

1
2

.4
8

1
1

.8
8

 
1

2
.8

2
 

1
0

.5
8

 
1

6
.4

2
 

1
0

.9
8

1
5

.6
2

 
1

6
.8

2
 

1
6

.8
2

 
1

6
.8

2
 

1
7
.8

1
 

3
4
.1

8

1
4

.6
7

M
ag

ne
 

si
um

 
(M

g)

9
.7

1
 

6
.8

3
 

6
.9

9
 

5
.8

4
 

6
.5

0

6
.0

9
 

6
.0

0
 

4
.2

0
 

7
.9

8
 

5
.1

8

8
.7

2
 

8
.7

2
 

9
.3

0
 

8
.3

9
 

8
.2

3
 

6
.8

3

7
.2

4

So
 

di
um

 
(N

a)

1
2

.9
6

 
1

1
.0

9
 

1
2

.0
1

 
9
.3

5
 

1
0
.3

5

9
.8

3
 

9
.9

6
 

7
.7

0
 

1
0

.8
8

 
8

.9
2

1
1
.1

4
 

1
1

.0
9

 
1

1
.0

9
 

1
1

.0
5

 
1
0
.7

4
 

1
4

.4
0

1
0
.7

9

P
ot

as
 

si
um

 
(K

)

0
.7

4
 

.5
6

 
.5

9
 

.4
9
 

.5
4

.5
1
 

.5
4

.6
4

 
.4

9

.6
4
 

.6
9

 
.6

6
 

.6
9

 
.6

6
 

.6
6

0
.5

9

B
ic

ar
 

bo
na

te
 

(H
C

O
a)

5
.0

5
 

5
.2

1
 

5
.3

6
 

5
.1

5
 

5
.3

1

5
.2

8
 

5
.0

5
 

4
.5

6
 

5
.4

1
 

4
.5

9

4
.8

7
 

4
.6

1
 

4
.9

2
 

4
.3

1
 

4
.5

9
 

5
.2

8

5
,0

8

C
ar

-
xm

at
e 

(C
O

,)

0
.0

0
 

.0
0
 

.0
0

 
.0

0
 

.0
0

.0
0

 
.0

0
 

.0
0
 

.0
0
 

.0
0

.0
0
 

.0
0

 
.0

0
 

.0
0

 
.0

0
 

.0
0 -

Su
l-

 
fa

te
 

(S
0

4)

2
2
.9

0
 

1
9

.3
0

 
1

7
.8

8
 

1
5

.1
2

 
1
5
.4

5

1
4
.7

6
 

1
5

.8
2

 
1
1
.7

0
 

2
1
.0

3
 

1
3

.7
0

2
1
.2

4
 

2
2
.6

9
 

2
2
.6

9
 

2
3
.5

3
 

2
3
.5

3
 

4
0

.6
0

1
8

.8
8

C
hl

o
 

ri
de

 
(C

l)

1
1

.2
8

 
9
.8

7
 

1
0

.1
6

 
8
.4

6
 

8
.7

5

8
.6

0
 

8
.7

5
 

6
.2

1
 

9
.8

7
 

7
.4

8

9
.5

9
 

9
.7

3
 

9
.8

7
 

9
.8

2
 

9
.4

5
 

1
0

.3
0

9
.4

2

F
lu

o-
 

ri
d

e
(F

)

N
i

 
tr

at
e 

(N
O

J

0
.0

1
 

.0
3

 
.0

2
 

.0
1

 
.0

2

.0
2

 
.0

3
 

.0
5
 

.0
5
 

.0
6

.0
3

 
.0

2
 

.0
2

 
.0

3
 

.0
3
 

.0
3

0
.0

3

B
or

on
 

(B
) 

pp
m

0
.8

4
 

.7
5

 
.7

1
 

.5
8
 

.6
2

.6
2

 
.6

6

.8
0
 

.5
9

.9
4
 

.8
8
 

.8
3

 
.8

9
 

,8
0
 

.9
9

0
.7

4

D
is

so
lv

ed
 s

o
li

d
s 

(c
a
lc

u
la

te
d

)

P
ar

ts
 

pe
r 

m
il

 
li

on

2
,4

3
0
 

2
,1

3
0
 

2
,0

6
0
 

1
,7

6
0

 
1
,8

2
0

1
,7

5
0
 

1
,8

2
0
 

1
,3

8
0

 
2
,2

5
0
 

1
,5

9
0

2
,2

3
0
 

2
,3

2
0
 

2
,3

4
0
 

2
,3

5
0
 

2
,3

5
0
 

3
,6

2
0

2
,0

7
0

T
on

s 
pe

r 
ac

re
- 

fo
ot

3
.3

0
 

2
.9

0
 

2
.8

0
 

2
.3

9
 

2
.4

8

2
.3

8
 

2
.4

8
 

1
.8

8
 

3
.0

6
 

2
.1

6

3
.0

3
 

3
.1

6
 

3
.1

8
 

3
.2

0
 

3
.2

0
 

4
.9

2

2
.8

2

T
ot

al
 

to
ns 1
5
,4

0
3
 

3
6

,1
9

8
 

1
7

,6
4

3
 

5
,7

5
4
 

2
7
,8

5
2

2
3

,9
5

7
 

2
2
,9

7
6
 

78
9 

1
4
,8

1
9
 

2
,0

2
4

1
4
,1

5
4
 

1
0

,4
9

5
 

1
1
,5

8
4
 

1
1

,2
2

1
 

1
4
,7

2
5
 

4
,9

8
0

2
3
5
,3

0
0

P
er

 
ce

nt
 

so
 

di
um 33

 
33

 
36

 
33

 
35 35

 
34

 
34

 
30

 
35 31

 
30

 
29

 
30

 
29

 
26 32

So
 

di
um

 
ad

so
rp

 
ti

on
 

ra
ti

o

3
.6

3
 

3
.3

1
 

3
.7

2
 

3
.0

8
 

3
.3

6

3
.2

8
 

3
.2

5
 

2
.8

3
 

3
.1

1
 

3
.1

4

3
.1

9
 

3
.1

0
 

3
.0

7
 

3
.1

1
 

2
.9

8
 

3
.1

8

3
.2

6

Sp
ec

if
ic

 
co

nd
uc

t
 

an
ce

 
(m

ic
ro

- 
m

ho
s 

at
 

25
°C

)

3
,3

5
0

 
2

,9
5

0
 

2
,8

8
0

 
2

,4
9

0
 

2
,6

3
0

2
,5

5
0

 
2

,5
6

0
 

1
,9

7
0

 
2

,9
7

0
 

2
,2

8
0

2
,9

2
0

 
3

,0
7

0
 

3
,1

0
0

 
3

,0
7

0
 

3
,0

9
0

 
4

,0
7

0

2
,8

4
0

pH 7
.8

 
7

.6
 

7
.8

 
7

.8
 

7
.7

7
.9

 
7

.9
 

7
.6

 
7

.8
 

7
.8

7
.8

 
8
.0

 
8
.0

 
7

.8
 

7
.8

 
7

.3 --

a 
I
n
c
l
u
d
e
s
 
e
s
t
i
m
a
t
e
s
 
w
h
e
r
e
 
d
a
t
a
 
a
r
e
 
m
i
s
s
i
n
g
.



G
I
L
A
 
R
I
V
E
R
 
B
A
S
I
N
 

9
-
4
7
4
0
.
 
G
I
L
A
 
R
I
V
E
R
 
A
T
 
K
E
L
V
I
N
,
 
A
R
I
Z
.

L
O
C
A
T
I
O
N
.
 
J
u
s
t
 
a
b
o
v
e
 
m
o
u
t
h
 
of

 
M
i
n
e
r
a
l
 
C
r
e
e
k
,
 
a
n
d
 
1
,
2
0
0
 
f
e
e
t
 
u
p
s
t
r
e
a
m
 
f
r
o
m
 
g
a
g
i
n
g
 
s
t
a
t
i
o
n
 
at
 
K
e
l
v
i
n
,
 
F
i
n
a
l
 
C
o
u
n
t
y
,
 
17
 
m
i
l
e
s
 
d
o
w
n
s
t
r
e
a
m
 
f
r
o
m
 
S
a
n
 
P
e
d
r
o
 
R
i
v
e
r
,

a
n
d
 
1
9
.
5
 
m
i
l
e
s
 
u
p
s
t
r
e
a
m
 
f
r
o
m
 
A
s
h
u
r
s
t
-
H
a
y
d
e
n
 
Da
m.

D
R
A
I
N
A
G
E
 
A
R
E
A
.
  
1
8
,
0
1
1
 
s
q
u
a
r
e
 
m
i
l
e
s
 
(a
t 
g
a
g
i
n
g
 
s
t
a
t
i
o
n
)
,
 
of

 
w
h
i
c
h
 
5
,
1
2
5
 
s
q
u
a
r
e
 
m
i
l
e
s
 
is

 
b
e
l
o
w
 
C
o
o
l
i
d
g
e
 
Da
m.
 

R
E
C
O
R
D
S
 
A
V
A
I
L
A
B
L
E
.
 
C
h
e
m
i
c
a
l
 
a
n
a
l
y
s
e
s
:
 

D
e
c
e
m
b
e
r
 
1
9
5
0
 
to
 
S
e
p
t
e
m
b
e
r
 
1
9
6
0
.
 

W
a
t
e
r
 
t
e
m
p
e
r
a
t
u
r
e
s
:
 

D
e
c
e
m
b
e
r
 
1
9
5
0
 
to
 
S
e
p
t
e
m
b
e
r
 
1
9
6
0
.
 

S
e
d
i
m
e
n
t
 
r
e
c
o
r
d
s
:
 

J
a
n
u
a
r
y
 
1
9
5
8
 
t
o
 
S
e
p
t
e
m
b
e
r
 
1
9
6
0
.
 

E
X
T
R
E
M
E
S
,
 
1
9
5
9
-
6
0
.
 
S
p
e
c
i
f
i
c
 
c
o
n
d
u
c
t
a
n
c
e
:
 

M
a
x
i
m
u
m
 
d
a
i
l
y
,
 
2
,
3
1
0
 
m
i
c
r
o
m
h
o
s
 
Se

pt
. 

30
; 

m
i
n
i
m
u
m
 
d
a
i
l
y
,
 
5
0
1
 
m
i
c
r
o
m
h
o
s
 
Ja
n.
 
13

.
P
e
r
c
e
n
t
 
s
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0
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 p
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 m
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.6

4
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D
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o
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d
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e
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d
u
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1
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0
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p
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7
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p
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1
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l
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.9
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1
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0
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o
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l 
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n
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1
8
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9
0
 

6
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3
0

 
7
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2
0

4
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0
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9
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9
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2

4
5
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8
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P
P
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o

7
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6
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4
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5
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4
.8

 
6

.7

5
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S
p

ec
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n
d
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- 

m
h
o
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25
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1
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2
0

 
1
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0
0

1
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2
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4

0
 

1
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1
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3
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8
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8
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R
e
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r
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e
n
t
s
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p
e
r
c
e
n
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r
u
n
o
f
f
 
f
o
r
 
w
a
t
e
r
 
y
e
a
r
.



P
A
R
T
 
11

. 
P
A
C
I
F
I
C
 
S
L
O
P
E
 
B
A
S
I
N
S
 
IK
 
C
A
L
I
F
O
R
N
I
A

S
A
N
 
J
O
A
Q
U
I
N
 
R
I
V
E
R
 
B
A
S
I
N
 

1
1
-
2
5
3
5
.
 
S
A
N
 
J
O
A
Q
U
I
N
 
R
I
V
E
R
 
N
E
A
R
 
B
I
O
L
A
,
 
C
A
L
I
F
.

L
O
C
A
T
I
O
N
.
 
A
t
 
S
k
a
g
g
s
 
B
r
i
d
g
e
,
 
1
.
9
 
m
i
l
e
s
 
u
p
s
t
r
e
a
m
 
f
r
o
m
 
g
a
g
i
n
g
 
s
t
a
t
i
o
n
,
 
a
n
d
 
a
p
p
r
o
x
i
m
a
t
e
l
y
 
2
.
5
 
m
i
l
e
s
 
n
o
r
t
h
w
e
s
t
 
of
 
B
i
o
l
a
,
 
F
r
e
s
n
o
 
C
o
u
n
t
y
.

D
R
A
I
N
A
G
E
 
A
R
E
A
.
  
1
,
8
0
5
 
s
q
u
a
r
e
 
m
i
l
e
s
,
 
u
p
s
t
r
e
a
m
 
f
r
o
m
 
g
a
g
i
n
g
 
s
t
a
t
i
o
n
.

R
E
C
O
R
D
S
 
A
V
A
I
L
A
B
L
E
.
 
C
h
e
m
i
c
a
l
 
a
n
a
l
y
s
e
s
:
 

N
o
v
e
m
b
e
r
 
1
9
5
2
 
to
 
S
e
p
t
e
m
b
e
r
 
19
58
, 

N
o
v
e
m
b
e
r
 
1
9
5
9
 
t
o
 
S
e
p
t
e
m
b
e
r
 
19
60
.

W
a
t
e
r
 
t
e
m
p
e
r
a
t
u
r
e
s
:
 

N
o
v
e
m
b
e
r
 
1
9
5
2
 
t
o
 
S
e
p
t
e
m
b
e
r
 
19
58
, 

N
o
v
e
m
b
e
r
 
1
9
5
9
 
t
o
 
S
e
p
t
e
m
b
e
r
 
19
60
. 

E
X
T
R
E
M
E
S
,
 
1
9
5
9
-
6
0
.
 
S
p
e
c
i
f
i
c
 
c
o
n
d
u
c
t
a
n
c
e
:
 

M
a
x
i
m
u
m
 
d
a
i
l
y
,
 
13

3 
m
i
c
r
o
m
h
o
s
 
Fe
b.
 
18

; 
m
i
n
i
m
u
m
 
d
a
i
l
y
,
 
64
 
m
i
c
r
o
m
h
o
s
 
J
u
n
e
 
28

.
P
e
r
c
e
n
t
 
s
o
d
i
u
m
:
 

M
a
x
i
m
u
m
,
 
4
8
 
A
u
g
.
 
1
1
-
1
9
;
 
m
i
n
i
m
u
m
 
3
1
 
F
e
b
.
 
2
8
 
t
o
 
M
a
r
.
 
31

. 
E
X
T
R
E
M
E
S
,
 
1
9
5
2
-
5
8
,
 
1
9
5
9
-
6
0
.
 
S
p
e
c
i
f
i
c
 
c
o
n
d
u
c
t
a
n
c
e
:
 

M
a
x
i
m
u
m
 
d
a
i
l
y
,
 
1
7
8
 
m
i
c
r
o
m
h
o
s
 
Ma
r.
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, 
19

58
; 

m
i
n
i
m
u
m
 
d
a
i
l
y
,
 
3
3
 
m
i
c
r
o
m
h
o
s
 
J
u
n
e
 
18

, 
19
56
.

P
e
r
c
e
n
t
 
s
o
d
i
u
m
:
 

M
a
x
i
m
u
m
 
4
9
 
No
v.
 
1-
5,
 
7
-
1
0
,
 
19

52
; 

m
i
n
i
m
u
m
 
24
 
No
v.

 
29

, 
19
57
.

R
E
M
A
R
K
S
.
 
D
a
i
l
y
 
s
a
m
p
l
e
s
 
f
o
r
 
c
h
e
m
i
c
a
l
 
a
n
a
l
y
s
i
s
 
c
o
m
p
o
s
i
t
e
d
 
by
 
d
i
s
c
h
a
r
g
e
.
 

R
e
c
o
r
d
s
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s
p
e
c
i
f
i
c
 
c
o
n
d
u
c
t
a
n
c
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d
a
i
l
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s
a
m
p
l
e
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a
v
a
i
l
a
b
l
e
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d
i
s
t
r
i
c
t
 
o
f
f
i
c
e
 
at

 
S
a
c
r
a
m
e
n
t
o
,
 
C
a
l
i
f
.
 

R
e
c
o
r
d
s
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d
i
s
c
h
a
r
g
e
 
f
o
r
 
w
a
t
e
r
 
y
e
a
r
 
O
c
t
o
b
e
r
 
1
9
5
9
 
t
o
 
S
e
p
t
e
m
b
e
r
 
1
9
6
0
 
g
i
v
e
n
 
in
 
W
S
P
 
17
15
. 

S
t
a
t
i
o
n
 
w
a
s
 
c
l
o
s
e
d
 
f
r
o
m
 
S
e
p
t
e
m
b
e
r
 
1
9
5
8
 
t
o
 

N
o
v
e
m
b
e
r
 
1
9
5
9
.

C
h
e
m
i
c
a
l
 
a
n
a
l
y
s
e
s
,
 
N
o
v
e
m
b
e
r
 
1
9
5
9
 
to
 
S
e
p
t
e
m
b
e
r
 
1
9
6
0

D
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e 
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1
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- 
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1
-6

, 
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6
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2
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. 

1
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1
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p
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0
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1
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3
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1
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0

2
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1
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1
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1
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2
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0

S
il
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pp

m

E
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 p
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 m
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C
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0
.3

6
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2

 
.4

8
 

.6
5

.7
5
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0
 

.6
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0
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.3

4
 

.2
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M
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0
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4
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.0
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6
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6

So
 

di
um
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.3
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.3

5
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.4

4
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4
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.3
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.3
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1
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9

P
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)

B
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(H
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0.
49
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7 
.7

0 
.9

3

.9
3

 
.8

5
 

.8
5
 

.8
5

.5
4
 

.5
7
 

.5
4
 

.6
2

 
.5

7

C
ar

 
bo

na
te

(c
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Su
l- 

fa
te

 
(S

04
)

C
hl

o
 

ri
de

 
(C

D

F
lu

o-
 

ri
de (F
)

N
i

 
tr

at
e 

(N
03

)

B
or

on
 

(B
) 

pp
m

 

D
is

so
lv

ed
 s

ol
id

s 
(r

es
id

u
e 

at
 

18
0°

C
)

P
ar

ts
 

pe
r 

m
il
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53 83
 

73
 

74
 

81 6
0

 
58

 
54

 
4

7

T
o
n
s 

p
er

 
a
c
re

- 
fo

o
t

0
.0

7
 

.0
7

.1
1

 
.1

0
 

.1
0
 

.1
1

.0
8
 

.0
8
 

.0
7

 
.0

6

To
ta

l 
to

ns
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5 

14
4 

31
 

16 41
 

89
 

12
7 

12
4

18
4 

13
2 

15
1 97

 
1
3
5

P
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ce

n
t 
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di
um 37
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35 3

8
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o

0
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.6
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.7 .8
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.7
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ic
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t
 

an
ce
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m

ho
s 
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25
°C
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1
0
0
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6 83
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1
2
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7
7

P
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6
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6
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7
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6
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7
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7
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.0
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7
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7
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.
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u
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o
v
e
m
b
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r
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n
u
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,7
1

0
 

1
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0
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3
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3
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0
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 m
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.3
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.2
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.3

0
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.2
7
 

.2
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.3

5
 

.2
4
 

.2
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4
 

.2
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M
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.3
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0

.2
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.3
1
 

.3
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3
 

.3
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.3
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.3
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1

0
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1

P
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)

B
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C

O
^

0
.6

9
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6

 
.5

2
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1

.4
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.3

4
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1

 
.3

9
 

.3
8
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.3
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.3
9
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.3
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0
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C
ar

 
bo
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(C

0
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Su
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fa
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(S
04

)

C
hl

o
 

ri
de

 
(C

D

Fl
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- 
ri

de (F
)

N
i

 
tr
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e 

(N
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)

B
or
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(B
) 

pp
m

D
is
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lv

ed
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u
e 
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C
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P
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ts
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m
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53
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T
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s 
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r 
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- 
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0
.0

7
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8

.0
6
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6

.0
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0
.0

7

T
ot

al
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1
5
0
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7 

12
3 
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1 
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6 
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4 
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0 
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1
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4 
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7 

1
7
0
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3 
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9

4
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7
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r

 
ce

nt
 

so
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um 32
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rp

 
tio

n 
ra
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0
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m
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6
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6
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6
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6
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6
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6
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6
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6
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d 
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r 
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g 
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1 

to
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; 

r
e
p
r
e
s
e
n
t
s
 
10
0 

pe
rc
en
t 

ol
 
ru
no
ff
 
lo
r 
w
a
t
e
r
 
ye

ar
.



S
A
N
 
J
O
A
Q
U
I
N
 
R
I
V
E
R
 
B
A
S
I
N
 
C
o
n
t
i
n
u
e
d

1
1
-
3
0
3
5
.
 
S
A
N
 
J
O
A
Q
U
I
N
 
R
I
V
E
R
 
N
E
A
R
 
V
E
R
N
A
L
I
S
,
 
C
A
L
I
F
.

L
O
C
A
T
I
O
N
.
 
A
t
 
g
a
g
i
n
g
 
s
t
a
t
i
o
n
 
at
 
D
u
r
h
a
m
 
F
e
r
r
y
 
h
i
g
h
w
a
y
 
b
r
i
d
g
e
,
 
3 

m
i
l
e
s
 
d
o
w
n
s
t
r
e
a
m
 
f
r
o
m
 
S
t
a
n
i
s
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